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In the erythrocytes of most vertel^-ates, l)ut especially of fishes and 
amphibians, discrete granules are characteristically present. In the 
iirodele, Xcctitnts, bipolar clusters of such granules are regularly found 
in mature red blood cells. They are visible in fresh preparations, 
demonstrable as hasojjhilic bodies with Whdght or Giemsa staining, are 
blackened with osmic acid and silver salts, and are stained with iron 
hsematoxylin after Helly fixation. Accordingly, there is no doubt that 
they are preexistent structures and are not induced in supravital prep¬ 
arations by the action of the dyes. 

However, secondary granules may also appear in such cells; the 
concentration of the dye, age of the j^reparation, brilliancy of illumina¬ 
tion, and increase in temperature being effective as formative factors, 
influencing the rate and manner of their appearance (Dawson, 1928, 
1929, 1930). ]\Ioreover, with higher concentrations of dye, the red 
cells may also exhibit elaborate patterns of reticulation. The genetic 
relation of both types of granules, preexisting and induced, to the reticu¬ 
lated substance is an unsettled cpiestion. Morphologically there is no 
distinction between the two tyj^es and both are frequently enclosed in 
the reticular filaments. The reticulation pattern is apparently derived, 
through a reaction with the vital dye, from the basophilic substance 
which occurs diffusely in erythrocytes, and secondary granules are re¬ 
garded by some as the same substance in a different form. 

The literature on this sul)ject is voluminous and many different views 
are advanced regarding the significance of the protoplasmic constituents 
reacting with vital dyes. First of all, the ability to react with a given 
\ ital dye may not be a specific characteristic of a single substance within 
the cytoplasm. Again, in many instances, the materials reacting with 
vital dyes are not always readily demonstrated l)y other technical meth¬ 
ods. Nectnrus erythrocytes appear to be exceptionally favorable in this 
respect. ^Moreover, the amount of material reacting with vital dyes 
appears to decrease gradually as the erythrocytes differentiate, but the 
acquisition of hemoglol)in in a given species proceeds only up to a cer¬ 
tain stage at which the cell is said to be mature. Since the erythrocytes 
in different vertebrates do not attain at maturity the same relative degree 
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of differentiation, tlie picture in supravital preparations is sul)ject to 
great variation ; tlie individual changes which occur in the maturation 
of the red blood cells may apparently proceed at different rates and to 
different degrees in different species. Accordingly, the relative con¬ 
centration of hemoglohin within the erythrocytes of different species 
appears to he to some extent independent of the amount and distribution 
of material reacting with vital dyes. These are only some of the factors 
which complicate the picture and make generalizations almost impossible. 
Cou]:)led with these there is also the lack of complete information about 
the stages of maturation of these cells in many species. In other cases, 
too, findings by one method have not been adequately cliecked and con¬ 
firmed by other technics. 

\^arious theories of the origin and nature of the vitally-stained bodies 
have been advanced. Several earlier workers suggested a nuclear or 
nucleolar origin (Giglio-Tos, 1896; Jolly, 1903; Sabrazes et Muratet, 
]908v while others have apparently confused them with centrosomes 
(von Apathy, 1897; Bremer, 1895^ Dehler, 1895; Eisen, 1897-1899; 
Golgi, 1920) when demonstrated by non-vital staining methods such as 
silver nitrate impregnation or staining with iron hccmatoxylin. They 
were also identified as intracellular parasites, but this view was soon 
drojiped (Sabrazes et Muratet, 1900). 

At present the vital granules are generally regarded as of cytoplasmic 
origin. Giglio-Tos (1896) suggested that they represented hemoglobin¬ 
forming substances and Yoffey (1929) is inclined to favor this view. 
Several modern investigators (Ferrari, 1930; Villa, 1930: Knoll, 1931) 
have advanced evidence in favor of an intranuclear origin of hemoglobin, 
and this interpretation accordingly would support the old hypothesis of 
Giglio-Tos that vital granules arise as nuclear emissions and are con¬ 
cerned in the elaboration of hemoglobin. On the basis of the reaction 
of these bodies with sih'er salts and osmic acid, they have been regarded 
as possildy homologous with the Golgi apparatus—dictyosomes (Bhat- 
tacharya and Brambell, 1925; Dawson, 1928, 1930; Dornesco and Steo- 
poe, 1930a, 1930/;; G^rtubey, 1927). Nittis (1930) described a surface 
granule which in his opinion might be interpreted as the point of separa¬ 
tion of two daughter cells or as a part of a trophospongial system. Nit¬ 
tis’ view seems untenable, as the single granule is intracellular and may 
frequently exhibit Brownian motion (Dawson, 1931). Many tend to 
class all vital granules as artifacts (Chlopin, 1927; Weidcnreich, 1903), 
failing to distinguish sharjdy between preexistent and induced bodies 
(Beams, 1930). 

The number and distribution of vital granules in the erythrocytes of 
vertebrates vary during the dift'erentiation of the cell. Usually they are 
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not present in very yoiinjj cells and are reduced or even disappear in old 
cells. In the intermediate stages they are frequently numerous and con¬ 
spicuous. In the mature cells of diflferent vertebrates in which they still 
persist, vital granules frequently occur in rather definite numbers and 
have a characteristic position within the cell. The more common types 
of distribution are single unipolar; multiple, clustered unipolar; multiple, 
clustered bipolar; multiple perinuclear: and multiple scattered or dif¬ 
fuse (Dawson and Charipper, 1929; Dawson, 1930, 1931). 

Tbe number and distribution of vital granules in the erythrocytes of 
cyclostomes and fishes vary considerably. They were apparently recog¬ 
nized as early as 1896 by Giglio-Tos, who observed them in the blood 
cells of the lamprey and called attention to the striking Brownian move¬ 
ments they exhibited. A few years later Sabrazes and Muratet (1900) 
described “ corpuscles mobiles ” within the erythrocytes of Hippo¬ 
campus. They were irregularly distributed, with usually five to ten 
granules within a cell. 

In the same year these investigators extended their observations to 
several more fishes. In Torpedo oculata the granules were numerous 
and distributed diffusely around the nucleus. The cells usually con¬ 
tained as many as forty granules although some had as few as three, 
four, and five. All granules exhibited Brownian movement. They 
were unequal in size; some were coupled and some elongated or com¬ 
pressed. In Raia pastijiaca the bodies were frequently oval and rela¬ 
tively large but were not so numerous as in Torpedo. The blood cells 
of Syngnathiis typhlc apparently did not contain any granules. In 
Petromizon luariniis and Alosa fiuta the granules were present but not 
numerous. In adult Ancjiiilla vulgaris they were absent. In 1902, 
however, Sabrazes and iMuratet found opportunity to examine the 
blood of some young eels, 6 to 7 cm. long. In these, vital granules with 
limited Brownian movement were present in a])out twenty per cent of 
the erythrocytes. They varied greatly in size, with usually one to three 
present in any one cell. In Torpedo uiarmorata (Sabrazes et Muratet, 
1908) the number and distribution of vital granules is very similar to 
Torpedo oculata. 

Jokl (1925) made an intensive study of the erythrocytes of Raia 
clavata and Raia hatis and found in the main that the red blood cells 
were very like those of Torpedo in the number, size, and distribution of 
the vital granules. Further observations on the elasmobranchs were 
made by Lewis and Lewis (1926), who described numerous diffusely 
scattered perinuclear bodies in the dogfish and skate (Raia eriuacea). 
These workers also described one to tliree neutral red granules in the 
erythrocytes of the sculpin, l)ut illustrated the erythrocytes of the hake 
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and dinner as lacking any granular inclusions. Stolz (1928) found 
that the ervthroc}'tes of Cypriiiits car pi o contained numerous granules 
diffusely distributed al^iout the nucleus. Yoffey (1929) confirmed the 
ol)servations of Jokl (1925) on the red blood cells of Raia clavata and 
Rala hath, and noted numerous fine basophilic granules in the mature 
cells of Trigla gunianlus, 13ornesco and Steopoe (1930a) found that 
the erythrocytes of the dogfish are typical of the elasmobranchs in pos¬ 
sessing numerous, scattered, actively motile granules. They (1930^) 
also investigated the blood of several marine teleosts, SyngnatJius acus, 
Blcnuiiis pJiolis, Soica vulgaris, Plcuroucctcs platcssa, Gobius pagancUus, 
Cotfus hithalis, Labrus niclops, Olios luustcUa and Xcrophis liunbricl- 
f or mis. In all of these they found that the erythrocytes contained uni¬ 
formly one granule, usually located eccentrically near one pole of the 
nucleus. The conditions in the erythrocytes of Amcinrus ncbulosus are 
the same as in the marine teleosts (Dawson, 1931). 

In the erythrocytes of the hshes studied the distribution of vital 
granules is not so variable as in the Amphibia, being limited chiefly to 
two types, single unipolar and multiple perinuclear, restricted or diffuse. 
The characteristic unipolar and Ihpolar clusters appearing in the red 
blood cells of many urodeles are not found. It has seemed advisable to 
extend the obser^’ati(ms on the blood of fishes, with a view to obtaining 
more information regarding the relationships between the preexistent 
and induced granules and the reticular substance as revealed by vital 
dyes. 

Material axd ^Methods 

During the summer of 1931 the blood of seventeen different species 
of fish, taken in the ^lcinity of \\ oods Flole, was examined. Supravital 
staining was carried out by the dry dye-film method, using neutral red 
alone, neutral red in combination with Janus green, and brilliant cresyl 
blue. The concentration of neutral red, 1 : 1250, previously used on 
amphibian blood proved satisfactory in the case of fishes, but more 
Janus green had to be added to obtain a clear view of the chondriosomes. 
Films of brilliant cresyl blue were made with a saturated solution in 
al:)Solute alcohol. Permanent preparations of supravitally stained blood 
were made by the method of Scott (1928). Smears stained by Wright’s 
method were also prepared. In all cases the blood was freshly drawn 
from the heart of living fish. 

It is essential that neutral red alone be used to check neutral red- 
Janus green B preparations, since the toxicity of Janus green may cause 
injuries which result in more rapid induction of bodies stainable with 
neutral red. On the other hand, Janus green B cannot safely be used 
alone, since bodies regularly stained with neutral red may take up Janus 


52 


A. B. DAWSON 


green and confuse the cliondriosoine picture. However, when the dyes 
are used in combination, tlie neutral red displa)'s a greater affinity for 
the bodies which are regularly stained by it and the Janus green reaction 
is accordingly confined entirely to the chondriosoiues. The brilliant 
cresyl blue was applied at such high concentrations that the nuclei were 
stained and the reticular patterns produced almost immediately, and 
there did not appear to he any progressive induction of formed bodies 
(granules) while the preparations were being studied for reticulation 
jiatterns. 

Description 

Before ]iroceeding to the description of the reactions of the erythro- 
cites of the different Hshes to vital dyes, certain general features of 
these reactions will lie discussed. In most fishes there are sufficient 
immature red cells, in varying stages of differentiation, that the pictures 
presented after suiiravital staining lack uniformity. This makes the 
problem of interpretation more difficult, since the differences in hemo¬ 
globin concentration in some cases are scarcely perceptible. Differences 
in the degree of maturity of such cells are most strikingly demonstrated 
with brilliant cresyl blue and the reticulation patterns furnish an excel¬ 
lent index of cell age. The presence of young red cells in the blood is 
readily confirmed in smears differentially stained by Wrigbt’s method, 
where varying degrees of basophilia and polychromasia are clearly dem¬ 
onstrated. 

As the erythrocytes mature the amount of material reacting with 
lirilliant cresyl blue gradually decreases and the patterns of reticulation 
also undergo changes in form and distribution. In very young cells 
the entire cytoplasm is filled with fine, densely massed granules with 
little evidence of real reticulation. In succeeding stages of differentia¬ 
tion the ])attern assumes a true reticular form. At first the meshes are 
small and distributed througbout the ^vhole cell. Later the meshes are 
more open and the reticulation does not extend completely to the pe- 
riidiery of the cell, assuming the form of a i^erinuclear wreath. As the 
cells grow older, the meshes are still wider and the filaments eventually 
are partially interrupted, forming an open, fragmented wreath. As the 
reticular substance is further reduced, the filaments of the net are more 
frequently interrupted and the wreath-like form as well as the reticular 
appearance is lost. The more or less separated filaments then appear 
radially arranged about the nucleus, with very fine fragments inter¬ 
spersed between them. With the further disappearance of reticular 
substance the pattern is reduced to scattered, irregular, short filaments 
and fine, dust-like granules. In final stages the filamentous form may 
practically disappear, leaving a variable number of fine granules. 
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It is difficult to (leteniiine whether the reticular substance, which is 
demonstrated with concentrations of the vital dye sufficiently high to 
stain the nuclei iininediatel}', is of the same constitution as the relatively 
large granules which may he induced in similar blood cells by a pro- 
longed exiiosure to the same dye in a lesser concentration, which will not 
stain the nucleus or produce reticulation. At present, it seems impos¬ 
sible to decide this cjuestion. On the other hand, it is frequently pos¬ 
sible to distinguish clearly between preexistent vital granules and the 
induction patterns, since in many cases the former may be seen in fresh 
untreated cells or may he demonstrated in fixed cells by a variety of 
reliable technical methods. 

With high concentrations of brilliant cresyl blue, nuclei, nucleoli 
(when present), lU'eexistent and induced granules, and reticular sub¬ 
stance are all stained. The nuclei are pale blue, nucleoli deep blue, all 
granules deep blue-purple and the reticular substance a red-violet. The 
nucleoli, varying in number from one to three, are large and conspicuous 
in the erythro])lasts but become progressively smaller as the cells mature. 
They ma}' l)e distinguished as minute bodies in cells of the “ wreath ” 
stage l)ut seldom persist in more mature forms. The difiference in the 
color reaction of the granules and the reticular substance may or may 
not l)e significant. The granules are sharply limited, dense, and highly 
refractile, while the reticular substance has an irregular appearance as 
if formed In* the aggregation of very fine particles. The difiference in 
physical state accordingly may explain the dififerent shades presented by 
the two types of bodies. 

The form and distribution of chondriosoines within the erythrocytes 
of the fishes var\' in the diflerent stages of maturity, but are nevertheless 
quite characteristic for the type of cell. In the younger stages they are 
quite numerous, granular, and dififtisely scattered throughout the cyto¬ 
plasm. In later stages the num])er is greatly reduced and they are more 
closely aggregated about the nucleus. Their form, too, may be changed, 
many appearing as long, tortuous bodies. In fully mature cells the 
chondriosoines are usually entirely of the filamentous type, although 
occasional granular forms are seen. Some of these are not true gran¬ 
ules but rejiresent filaments oriented lengthwise between the two flat¬ 
tened surfaces of the erythrocyte and may be observed to shift in posi¬ 
tion as the cell is modified by the injurious efifects of the Janus green. 

It is difficult to obtain sharp images of chondriosoines in the fresh 
cell, and relatively high concentrations of dye must be used. As the 
staining progresses the chondriosomes are first seen as hazy blue-green 
bodies, and at this time the nuclear outline is also indistinct. Shortly 
both the nuclear membrane and chondriosomes are distinctly seen and 
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tlie cytoplasm of the cell appears clearer. While these changes are tak¬ 
ing place striking movements of the mitochondria may be observed. 
Filaments which were closely applied to the nucleus may frequently 
swing out to lie at right angles to the nuclear surface or may move 
comj^letely away, and others which were seen on end may assume a posi¬ 
tion parallel with the flattened surface of the cell. 

For purposes of description the fishes studied at Woods Hole will 
be divided into two major groups, based on the distribution of the pri¬ 
mary or preexistent granules as demonstrated by low concentrations of 
neutral red. Tn the first group the vitally stained granules are usually 
single, with occasionally one or more accessory bodies, and are located 
eccentrically near one pole of the nucleus. In the second group the 
granules are numerous and may either have a definite perinuclear ar¬ 
rangement or l)e scattered more or less diffusely throughout the cyto¬ 
plasm. The reaction of the primary granules to Wright’s stain might 
also be used as a basis of classification, since in some fishes the granules 
uniformly give a basophilic reaction ; in others this reaction is limited to 
a varying number of cells; while in still others the granules always re¬ 
main unstained. The three second groups would form natural sub¬ 
divisions of the major Group I, which is based ])riniarily on the distribu¬ 
tion of granules, but in Group II this would not hold true since in no 
instances do the ixM'inuclear or diffusely arranged granules react uni¬ 
formly with ^\'right^s stain. 

Group I 

Toadfish, Opsaniis tan (Linnreus). With neutral red the primary 
granules ordinarily ajqxar as single, unipolar bodies, although one or 
more accessory granules are often encountered (Fig. 1, h and r). The 
accessory granules are usually small, but in some cases all the granules 
are of equal size, resembling the variations described for Aineiurus 
(Dawson, 1931). After long exjjosure to neutral red the granules are 
increased in number and tend to form clusters about the primary bodies. 
Later, other secondary granules appear irregularly throughout the cell. 

The mitochondria are relatively few, varying in number from three 
to six. They usually ajjpear as wavy filaments but are frequently di¬ 
lated to encapsulate a large spherical refractile body. These bodies are 
readily seen after the Janus green has been reduced. They do not take 
up neutral red and their significance is not known. 

Very little reticular sul)stance is demonstrated by brilliant cres 3 d 
blue. The filaments are short and are usuafly radially arranged about 
the nucleus. Some end in contact with the cell membrane. Primary 
granules and a variable number of secondary granules are stained with 
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tliis dye. In the cells with the least reticulation practically no induction 
of grannies has taken place (Fig. 1, d). The cells with the most reticu¬ 
lation contain many more granules (Fig. 1, a). All the cells appear 
relatively mature. An occasional cell in the “ wreath ” stage with a 
clear border was encountered, but there were no younger stages. 

In smears stained l)y Wright’s method the primary granules appear 
as distinct basophilic bodies. No basophilic erythrocytes are present 
and only a few cells exhibit polychromasia. 

Tautog, Taitfoga onitis (Linnseus). The neutral red patterns are 
quite similar to those of the toadfish (Fig. 4, a and b), A number of 
erythrocytes possess granular mitochondria, but in the majority of the 
cells they are hlamentous. The reticular substance is scanty in most 
cells (Fig. 4, d), but a few “wreath'' stages were seen (Fig. 4, c). 

^ Occasional small cells (erythroblasts) with a dense reticulation and a 
conspicuous nucleolus are present. 

With Wright’s stain the primary granules are stained blue and a 
few erythrocytes show basophilia and polychromasia. The number of 
immature red cells is, however, very small. 

Cunner, Tantogolabrus adspcrsiis (Walbaum). The erythrocytes 
of this hsh very closely resemble in their staining reactions those of 
the two preceding forms (Fig. 6, a and /;). I'ewer immature cells were 
noted than in the tautog, and in general the reticulation patterns are 
very meager (Fig. 6, c and d). The primary granules also appear as 
basophilic bodies with Wright’s stain. 

Sea Bass, Ccutvopristcs siviaius (Linnaeus). The primary neutral 
red bodies are the same as in the erythrocytes of the preceding fishes 
(Fig. 3, a). Induction of secondary granules occurs rather freely 
(Fig. 3, /y), but even when the secondary staining effect has appeared 
there are a number of ap])arently mature cells which do not show any 
reaction to the dye. The mitochondria are relatively few, the fila¬ 
mentous form predominating. 

With brilliant cresyl blue many cells fail to show any reticular pat- 
t(?rns hut contain only granules such as are seen after moderate induc¬ 
tion with neutral red. Other cells contain a variable number of reticular 
filaments (Fig. 3, r), but the “wreath” stage was observed in only a 
few cells (Fig. 3, d). Occasional young cells with a fine, dense reticu¬ 
lum and conspicuous nucleoli were encountered. 

In the sea i^ass virtually all the erythrocytes stain orthochromatically 
with the eosin in Wright’s stain. Polychromasia is rarely seen and 
occasional round basophilic erythroblasts are present. The primary 
granules demonstrated so readily with neutral red are not usually stained 
in the smears. Some of the larger granules appear as distinct baso- 
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philic bodies, other smaller granules are barely distinguishable, and 
many cells appear not to have any granular inclusions. 

Sea Robin, Prionoius caroliuus (Linnaeus). The erythrocytes of 
the sea robin in their staining reactions are very like those of the sea 
bass (Fig. 2). The mitochondria, however, usually appear as short 
rods and grannies rather than filaments. The reticular patterns are 
very sparse, being represented by scattered particles radially aligned 
about the nucleus ( Fig. 2, d). All the cells appear to be mature. This 
conclusion is sup|)orted by the staining reactions of the erythrocytes 
with \\Tight's stain. Xo granular inclusions could be distinguished in 
the stained smears. 

vScup, Stcnotomits chrysops (Linmeus). The neutral red patterns 
and mitochondria present no unusual features (Fig. 7, a and c). The 
reticular patterns are cpiite variable, although in the majority of cells 
the filaments are reduced to a minimum (Fig. 7, h). Young cells with 
a dense reticulum and conspicuous nucleoli are frequently seen and 
stages with fragmented open-meshed “ wreaths ” are quite numerous 
(Fig. 7, d). The presence of such immature cells is confirmed by an 
examination of stained smears, but the preexistent or primary granules 
were not demonstrable as basophilic bodies. 

Butterfish, Poronotiis friacaiifhits (Peck). The primary granule is 
characteristically present in neutral red ])reparations (Fig. 8. b) and in¬ 
duction of new granules proceeds very slowly. The chondriosomes are 
usually granular. X^o long filamentous forms were observed. The 
reticular patterns and numbers of immature cells are about the same as 
in the scup (Fig. 8, a, c, and d), 

\"ariegated minnow, Cyprhiodon variegatus Lacepede. The pri¬ 
mary neutral red bodies usually appear as single or double bodies and 
induction of secondary bodies occurs slowly. The mitochondria are 
predominantly of the granular type and are relatively numerous (Fig. 
11, a and h). In the majoritv^ of the cells the reticular material is very 
scanty (Fig. 11, c and d), but in a few cells complete perinuclear 
“ wreaths ” of reticular material were seen. Occasional younger cells, 
possessing large nucleoli and dense reticulations, were also noted. The 
primary neutral red bodies of mature cells did not give a basophilic re¬ 
action with Wright’s stain, but in many polychromatic cells they could 
be distinctly seen as basophilic granules. 

Alummichogs, Puudulus lictcroclitus (Linnaeus) and F. majalis 
(Walbaum). The behavior of the erythrocytes is essentially alike in 
these two species. The i)rimary neutral red bodies are characteristically 
present (Fig. 12, b and r). The reticular substance in general is 
scanty, appearing as radially arranged filaments (Fig. 12, d). A few 
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cells in the *’ wreath ” stage and an occasional young cell with a large 
nucleolus were seen. The primary granules were not demonstrated by 
Wright’s method. 

Common eel, .iuguilhi rosfrata (Le Sueur). The neutral red bodies 
are very minute, almost at the limit of visibility (Fig. 5, a and d). 
However, they gradually increase in size on exposure to the dye and 
secondary granules slowlv appear (Fig. 5, b). The mitochondria are 
few in numher and chiefly of the long, sinuous type. Brilliant cresyl 
blue reveals the presence of large numhers of immature erythrocytes, 
the reticular suhstance varying in distriliution from complete “ wreaths ” 
to scattered isolated filaments and granules (Fig. 5, r). In stained 
smears many erythrocytes show varying degrees of cytoplasmic baso¬ 
philia. The primary granules frequently appear as basophilic bodies 
in cells which stain orthochromatically in eosin or show a slight poly- 
chromasia. However, they were not distinguishable in more basophilic 
cells. 

Sand dal), Hipj^oglossoidcs platcssoidcs (Fabricius). The primary 
vital granules are readily demonstrated as single or double granules 
(Fig. 9, a). With longer ex])osure to the dye secondary granules, 
usually grouped iii clusters, quickly appear (Fig. 9, c and d). Chondri- 
osomes of both filamentous and granular types are present. Practically 
all the cells are mature, showing a very sparse reticulation (Fig. 9, b). 
An occasional cell with an incomplete open-meshed “ wreath ” was seen. 
A few basophilic erythrocytes were demonstrated with Wright’s stain. 
The primary granules were frequently seen as basophilic bodies in eryth¬ 
rocytes which exhibit a slight polychromasia but could not be distin¬ 
guished in mature cells. 

Group II 

In the erythrocytes of the Ashes of this group the primary granules 
are not limited to a single or double unipolar body but are relatively 
numerous and have a perinuclear distribution. 

Menhaden, Brcvoortia tyrcvnius (Latrobe). In the menhaden the 
granules are very small, frequently barely visible at a magniflcation of 
nine hundred diameters. The granules are either arranged in a single 
deAnite line about the nucleus or scattered somewhat irregularly 
throughout the cytoplasm (Fig. 10, a and b). The irregular distribu¬ 
tion of granules a])pears to be characteristic of the oldest cells. On 
longer staining with neutral red they increase in both size and number. 
Mitochondria of both the Alamentous and granular types are present 
in restricted numbers. 

All stages of maturating erythrocytes were encountered, but the 
majority of the cells were fully differentiated. The reticular patterns 
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vary all the way from a dense compact granular mass filling the entire 
cell to the mature condition in which only fine particles and scattered, 
short filaments are present (Fig. 10, c and d). In stained smears eryth¬ 
rocytes in the different stages of differentiation are clearly shown and 
the numerous jjerinuclear jndmary granules are seen distinctly as baso¬ 
philic bodies in both polychromatic and mature cells. 

Alewife, Poinolobus pscitdoJiarcngits (Wilson). The erythrocytes 
of the alewife are essentially like those of the menhaden in all their 
reactions to the dyes, but more immature cells are present (Fig. 14). 
Many of the younger cells contain large, clear, refractile globules which 
appeared as vacuoles in stained smears. 

Mackerel, Scomber scombnts Linnaeus. The erythrocytes of the 
mackerel differ only slightly from those of the menhaden and alewife 
(Fig. 13). The primary neutral red patterns are alike. ?^Iitochondria 
of the filamentous type predominate. Alore immature cells are present 
than in the alewife and the reticulation patterns are accordingly very 
variable. The red cells react rapidly with neutral red and many sec¬ 
ondary granules may develop. The primary neutral red granules are 
demonstrated as basophilic bodies by Wh'ight’s stain, but much more 
care must be taken in the differentiation of the stain. 

Smooth dogfish, Musteltis caiiis (^litchill) and spotted skate. Raja 
dkiphaacs ]\Iitchill. The vital staining reactions of the erythrocytes of 
both these forms have been described by several investigators. The 
granules appearing after exposure to neutral red are very large and 
numerous (Figs. 15 and 17). The mitochondria are usually long and 
filamentous. Induction of new granules occurs rapidly. There is a 
relatively high proportion of immature red cells, and the reticulation 
patterns are very variable. In old cells the reticular substance is greatly 
reduced, appearing as scattered particles and short filaments. 

With brilliant cresyl blue both vital granules and reticulation pat¬ 
terns are demonstrated as in the teleosts, but on long standing the dye 
in the granules disaj^pears while the reticular suhstance remains bril¬ 
liantly stained. The reduction of the dye in the granules appears to 
be characteristic only of the elasmobranchs and has been previously 
reported by Jokl (1925). Although the granules are large and readily 
seen in fresh unstained preparations, they cannot be demonstrated in 
smears stained by Wright’s method and do not give a basophilic reaction. 

The Relative Degree of Differentiation of the ^Mature 
Erythrocytes of \T.rtebrates 

In the running description of the findings in the erythrocytes of the 
different species of fish, the staining reactions described related particu- 
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larly to the predominating cells, presumably the mature ones. During 
the course of the study it became increasingly obvious that no granules, 
either preexistent or induced, were present in young cells exhibiting a 
complete, dense reticulation pattern. In somewhat older stages the 
primary granules were readily demonstrated, but induction of new gran¬ 
ules either did not occur or proceeded very slowly. This secondary 
reaction varied greatly in different species, but the general trend was 
the same in all. In more mature stages induction usually occurred 
more readily, l)ut in some old. perhaps senile, cells, which gave practi¬ 
cally no reticulation reaction with brilliant cresyl blue, the secondary 
response to vital dyes again decreased. 

The terms “ [jrimary ” or “ preexistent,” and “ secondary ” or “ in¬ 
duced ” are used here without reservation to designate the granules 
which are under discussion, since the cumulative evidence gathered from 
studies on fishes and amphibians indicates that such a distinction is 
valid. The granules which stain so readily with neutral red are fre¬ 
quently seen as refractile bodies in fresh preparations, and in dry-fixed 
smears are frequently demonstrated as basophilic inclusions. In most 
cases the characteristic form and location of these elements make their 
identification easy when they are rendered visilde by other than supra¬ 
vital methods. Dornesco and Steopoe (1930(7, 1930Z?) have also suc¬ 
cessfully blackened these primar}' bodies witli silver nitrate methods 
(Da Fano and Cajal) in both teleosts and elasmobranchs. Their dem¬ 
onstration by a silver method in the elasmobranch erythrocyte is signifi¬ 
cant, since in these cells the granules fail to give a basophilic reaction 
in carefully stained smears. 

The reality of the secondary granules cannot be disputed since they 
can be observed as they arise within the cells. Accordingly we have to 
deal with three distinct morphological entities, at least as they are 
demonstrated by supravital methods. The question of their chemical 
constitution and relationships is a baffling one and apparently little 
further progress can be made in this regard until better methods of 
study are devised. 

Nevertheless, the characteristic reactions to vital dyes may be legiti¬ 
mately used as evidences of the progressive changes Avhich occur within 
the differentiating erythrocyte, and such reactions therefore constitute 
useful criteria for determining the degree of differentiation reached by 
the mature erythrocytes of a given species. The criteria of maturity 
in one species are not necessarily valid in every detail for erythrocytes 
of another species, since the pictures obtained by vital dyes may vary 
in different groups of animals. ^Maturity of erythrocytes in general 
can best be defined as the stage at which the cell acquires its maximum 
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concentration of hemoglobin, and in normal animals cells of this type 
should predominate in the circulation. The degree of concentration of 
hemoglobin in mature cells in a given species is relatively constant and 
is closely correlated with the acquisition of characteristic staining reac¬ 
tions, but similarity of staining patterns in different species does not by 
any means indicate that the different erythrocytes have acquired the same 
concentration of hemoglobin. In other words, the erythrocytes of the 
different vertebrates are mature at varying levels of differentiation, the 
latter being measured by such staining reactions as are usually regarded 
as evidences of immaturity in the most highly differentiated red cells. 

During the differentiation of the vertebrate erythroblast a striking 
series of changes occurs. Some are readily demonstrated in fixed prep¬ 
arations while others are adequately revealed only by supravital staining. 
Most of these changes are common to the erythrocytes of all vertebrates, 
but in the mammals an extreme degree of specialization is encountered. 
During differentiation the nuclear-cytoplasmic ratio changes greatly, the 
nucleoli undergo a gradual involution and may disappear, the distribu¬ 
tion of chromatin in the nucleus is modified, and the basophilia of the 
cytoplasm is gradually lost and rejdaced by the eosinophilia of the 
hemoglobin. Also the volume of mitochondrial substance is progres¬ 
sively reduced, and frequently the form of the individual elements is 
changed. 

The gradual reduction of the reticular substance, definitely correlated 
with a decreasing basophilia of the cytoplasm, is the most striking fea¬ 
ture of the maturing erythrocytes when seen in sui)ravital preparations. 
Less conspicuous changes involve the appearance and behavior of both 
types of granular inclusions, preexistent and induced. Primary gran¬ 
ules are usually absent from very }'oung cells and disappear in a later 
but somewhat variable stage of differentiation. When they first appear 
they do not give a basophilic reaction in stained smears, but later in 
many instances they are characteristically basophilic. In mature cells 
of some animals the basophilic reaction is subsequently lost and the 
bodies are again demonstrated only by supravital methods. Moreover, 
in some vertebrates the jjrimary granules may entirely disappear while 
in others they ])ersist and assume characteristic patterns of distribution. 
Other granules of similar morphology and behavior may appear in cells 
that have stood in preparations for some time. Apparently induction 
of granules can occur only after some degree of differentiation of the 
erythrocyte has been attained, but the ability to respond in this manner 
may persist until full maturity is reached, and in many instances in¬ 
duced granules may appear even after the primary granules are no 
longer in evidence. In the mammals, however, the nucleus and all the 
cytoplasmic inclusions eventually disappear completely. 
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In the different vertebrates each of these changes in the maturing 
erythrocyte may take place at a different rate and to a var}dng degree. 
Accordingly, with the exception of the mammals, it is not always easy 
to decide which cells represent at maturity the more fully differentiated 
stage. In all vertebrates below the mammals the cells are character- 
isticalh^ nucleated with a few striking exceptions in the Amphibia 
(Emmel, 1924). In all of these animals the basoj)hilia is eventually 
replaced l)y eosinophilia. The nucleoli may disappear; the nuclear- 
cytoplasmic ratio undergoes considerable changes, the nucleus becoming 
condensed and acquiring a characteristic chromatic pattern. That is, in 
ordinary stained smears the mature nucleated erythroevtes of vertebrates 
appear essentially alike except that they vary greatly in size. However, 
with the more delicate methods of supravital staining, quite striking 
differences are Ijrought out. Accordingly, the patterns of granulation 
and reticulation afford the best criteria of the degree of differentiation 
of these cells, and of these two criteria the degree of persistent reticula¬ 
tion is prol)ably the better since the reticular material is continuously 
present in the cell while the granules have a variable and much more 
complicated history. Still, the latter criterion cannot be entirely dis¬ 
regarded in coin])aring the nucleated red cells of the vertebrates. 

Adequate data for the com])arison of the erythrocytes of vertebrates 
are available for fishes and amphibians, but the blood of reptiles and 
birds has not been studied so extensively by means of vital dyes. In 
order to secure first-hand information concerning the conditions in the 
reptiles and birds, supravital preparations of blood from the painted 
turtle, horned toad, fence lizard (Sccloponts undulatus), and the com¬ 
mon fowl were studied. 

In the fishes (both elasmobranchs and teleosts) and birds little retic¬ 
ular substance is present in the mature cells (Fig. 18, a, c, and d), being 
represented mostly liy scattered filaments and granular fragments. My 
observations on the fowl differ from those of Doan, Cunningham, and 
Sabin (1925), who rejiort that the final stages of reticulation consist in 
a few discrete bodies stainable with vital dyes. These bodies are readily 
demonstrated by low concentrations of either neutral red or brilliant 
cresyl blue (Fig. 18, b), but when brilliant cresyl blue in sufficiently high 
concentration to stain the nuclear reticulum is used, scattered fragments 
and short filaments are also uniformly present in the cytoplasm. Bril¬ 
liant cresyl blue is apparently reduced to some extent in the cell and the 
demonstration of persisting fragments of reticulum is possible only 
when the dve is present in considerable excess. In the amphibians and 
reptiles, on the other hand, a definite, more or less complete reticular 
l^attern can be demonstrated in the mature erythrocytes, but in most 
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instances the amphibian erythrocytes contain the greater amount of 
reticular substance (Figs. 16, 19, 20, and 22). Tf the degree of per¬ 
sistence of reticulation is regarded as evidence of the degree of differ¬ 
entiation attained by the mature erythrocyte, it must be concluded that 
the red blood cells of fishes and birds are relatively more highly differ¬ 
entiated than those of the amphibians and reptiles. 

The amount of material demonstrable as so-called primary vital 
granules in the mature erythrocytes of the several classes of vertebrates 
cannot be readily correlated with the degree of ]iersistent reticular sub¬ 
stance, but the histoiy of the vital granules indicates that their presence 
in red blood cells is in some degree a measure of relative maturity. It 
has been already pointed out that the reticular substance is at a maximum 
in the young cells and gradually decreases as the erythrocytes mature, 
while in general the granular substance is not present at all until the 
cells are |)artially mature. 

It is practically impossible to make any significant generalizations 
regarding the vital granules. The erythrocytes of each species must be 
considered separately if any accurate conclusions are to be drawn re¬ 
garding relative maturity of the cells. Tt has been held In^ many that 
the granular material is but a phase of the filamentous reticulum. In 
very young cells the reticular substance is definitely granular before 
acquiring the filamentous form. The granular form is doubtless de¬ 
pendent on its concentration within the cell and is the result of the 
agglutinating or ])recipitating eft*ect of the vital dye. The primary 
granules are, however, definite, discrete bodies, frequently distinguish¬ 
able in fresh unstained cells, and may often be demonstrated in fixed 
material. They are apparently associated in some way with cell metabo¬ 
lism, and when the erythrocytes are exposed to a penetrating dye it 
accumulates first of all in these preformed structures. Whether the 
secondary or induced bodies are derived from reticular material is less 
easy to determine. But certain lines of evidence would appear to 
indicate that they are the result of a specific reaction of the cytoplasm 
to an excess of dye and do not represent local, sharply delimited accumu¬ 
lations of reticular material (Chlopin, 1927). 

The history of the behavior of these three elements in the maturing 
erythrocytes further suggests that they are separate entities. In elasmo- 
branchs the primary granules of mature cells are large and numerous 
when the reticular substance is reduced to the same degree as in the 
teleosts. In the amphibians tbe history is also variable, granules being 
either present or absent, depending on tbe species (Arrigoni, 1908; 
Beams, 1930; Dawson and Charipper, 1929; DeRoo and Ufford, 1930; 
Goda, 1929; Hibbard, 1928; Jordan, 1925; Stolz, 1928), while the 
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reticular material persists as a fairly complete, open network. In Tn- 
turus riridcsccus the erythrocytes rarely contain any granules either 
primary or secondary, init as Xigrelli (1929) has shown, the reticulation 
in mature cells is relatively abundant (Fig. 16). Other similar ex¬ 
amples could be cited. 

In the reptiles the reticulation is quite abundant in mature cells but 
the primary granules are single in the alligator, horned toad, and fence 
lizard, and clustered at one pole in the painted turtle. The granules in 
these several species can also be demonstrated as basophilic bodies in 
dried smears stained by \\T*ight’s method (author’s observations), and 
the question of their being induced bodies cannot l)e raised. In the 
common fowl and pigeon, Doan, Cunningham, and Sabin (1925) regard 
the single vital granule as a vestige of the reticular substance. E'orkner 
(1929) also states that in the domestic fowl the cytoplasm of the eryth¬ 
rocytes contains, after staining with neutral red, from none to several 
small, reddish brown bodies whicli are usually near the nucleus but often 
move about and may be far out near the cell border. These bodies are 
not demonstrated in smears stained by Wriglit’s method but, as pointed 
out earlier, they have probabl}' been demonstrated by other methods and 
mistaken for centrosomes. Their close resemblance to similar struc¬ 
tures in teleosts and reptiles which can l)e shown to be primary bodies 
lends strength to the view that they are preexistent in the fowl erythro¬ 
cytes, and are not produced by a reaction of the dye with remnants of 
the reticular sul)stance. In view of the evidence accumulated from a 
study of the nucleated er}throcytes of vertebrates, the author is in¬ 
clined to accept the conclusion of Michels (1931) that the reticular 
substance in reticulocytes has no genetic relation to the vital granules 
of the mature red cells, but would disagree with his acceptance of the 
view that vital granules are surface structures, either jn'ecipitates of the 
stain or stained precipitates of the plasma. After a study of the irregu¬ 
lar behavior of the vital granules in nucleated erythrocytes, it does not 
seem surprising that such granular cytoplasmic inclusions do persist 
even after the nucleus, chondriosomes, and reticular substance have dis¬ 
appeared from the mammalian cell. The appearance of primary gran¬ 
ules in tlie cytoplasm is apparently a constant phenomenon in the matu¬ 
ration of the erythrocytes. It is only in the mammalian erythroplastid 
that tliey uniformly completely disappear and in this instance they mark 
the acme of erythrocyte differentiation. They, however, are not always 
the last vestige of immaturity to disappear, since in some higher urodeles 
and several anurans they disappear while the reticular substance is still 
present in relatively large amounts. 

The appearance of secondary or induced granules in erythrocytes 
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following exposure to vital dyes apparently has only a very limited rela¬ 
tion to the degree of differentiation attained by such cells. It is true 
that young cells with a high concentration of reticular substance react 
slowly and to a very limited degree to dyes, hut the amount of reaction 
obtained in more mature cells is also very variable and seems not to be 
directly determined by the degree of differentiation attained. Rather 
the reaction appears to Ije species specific and to depend on the perme¬ 
ability of the cell and other factors inherent in the cytoplasm of the 
given species. Also the degree of the reaction with the cytoplasm can¬ 
not be correlated with the presence of a certain amount of reticular 
substance, since as much induction may occur in mature ervthrocytes 
of fishes with a minimum of reticulation as in those of amphibians and 
reptiles where the reticular substance persists in greater amounts. The 
induction phenomenon in cells containing primarv granules is usually 
confined at first to the areas of the cell containing such preexistent 
bodies. In the early stages of induction the primary granules them¬ 
selves become enlarged and new granules then appear in their immedi¬ 
ate vicinity. Later new bodies may form irregularly throughout the 
cytoplasm. 

The phenomenon of induction in erythrocytes a]:)]3ears to be closely 
related to the “ krinomc ” reaction to vital dyes described l)y Chlopin 
(1927) for many other cells of the animal body. Freely penetrating 
stains such as the basic dyes a]3pear to accumulate within the cytoplasm 
of the red blood cells and appear first in the preformed bodies when 
they are present. Later, as more dye is accumulated, it is segregated 
by some reaction of the cytoplasm into newly formed structures. In 
some erythrocytes this accumulation and subsequent segregation of dye 
within the cytoplasm appears to continue progressively and to surprising 
limits, while in other erythrocytes the reaction proceeds only to a mini¬ 
mum extent. As has been already noted, many of the external factors 
influencing this reaction are known, but the factors within the cytoplasm, 
which are apparently of utmost importance, are unknown. The re¬ 
action. as in the anurans (Beams, 1930), proceeds as well in mature 
cells without preformed bodies as in cells in which preformed bodies are 
numerous and conspicuous. The final loss of the ability to react, as in 
the most highly dififerentiated mammalian erythrocytes, would seem to 
indicate that the degree of dififerentiation attained by the cell in some 
way determined or limited the cytoplasmic reaction to the dye. Such a 
conclusion, however, is rendered more or less untenable by the irregular 
behavior of the nucleated erythrocytes of other vertebrates, whose degree 
of dififerentiation at maturity can be estimated by the degree of per¬ 
sistence of reticulation. In such cells, except in very young stages. 
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tliere is no significant correlation between the relative degree of differ¬ 
entiation attained and the degree f)f neo-fonnation of vitallv stained 
bodies. 

Before concluding this discussion of the relative degree of differenti¬ 
ation of the mature vertebrate erythrocytes, one other morphological 
feature of maturing er}’throcytes should be mentioned, although the 
observations on it are not all comprehensive. It has already been noted 
that with relativel}^ high concentrations of brilliant cresyl blue the nucle¬ 
oli in immature cells of the hshes appeared as deej) blue bodies in a light 
blue, apjjarently homogeneous nucleus, the nuclear reticulum not being 
shown with such concentrations of the dye. The nucleoli (plasmo- 
somes) are relatively large in young cells and vary in number, but there 
are seldom more than three in any cell. They grow smaller as the 
erythroblasts differentiate and usually a])pear as single, small, spherical 
bodies. .After the stage at which the reticular substance appears as an 
open-meshed, almost complete network the nucleoli are more rarely seen, 
and in the mature cells containing scattered fragments of reticulum they 
are usually absent. In the catfish, however, nucleoli are uniformly 
present in the mature er}'throcytes. 

Nucleoli are not readily demonstrated in the mature cells of the 
Amphibia by brilliant cresyl Idue, but they may be stained if concentra¬ 
tions of dye sufficiently high to bring out the chromatin reticulum of the 
nuclei are used. The dye, however, must not be intense enough to stain 
the chromatin a dark blue or the nucleoli are obscured (Fig, 16). In 
such preparations of the er\’throcytes of N'cefurus and Tritiirus the 
nucleoli, numbering from one to four, appear as dark blue bodies lying 
between the coarse bars of light blue cbroinatin. They are somewhat 
irregular in form and are not so sharply outlined as in the fishes. At 
first it seemed doubtful if these bodies were nucleoli, Init a comparison 
of the mature cells with younger stages in the circulation appears to 
establish their plasmosomal nature. 

In the reptiles studied (horned toad, fence lizard, and painted turtle) 
for this feature of the mature erythrocyte, the nucleolus is uniformly 
found as a single spherical body in all mature er_vthrocytes, and is a 
striking feature of all properly stained preparations (Figs. 19, 20, and 
22). Immature cells were rarely encountered in the blood of these ani¬ 
mals and no comparisons with the nucleoli of younger erythrocytes were 
made. In the blood of the fowl no nucleoli could be distinguished in 
mature cells; but in an occasional immature cell, still in the stage with a 
more or less complete reticular net, small single spherical nucleoli were 
observed. 

This method of demonstrating nucleoli, supravitally with brilliant 
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cresyl blue, in red l^lood cells does not appear to have been previously 
employed. It seems to be a delicate method and to give clear pictures 
of nucleoli even when they cannot he easily demonstrated in fixed and 
stained preparations. In many amphibian erythrocytes brilliant cresyl 
blue also stains the achromatic contents of the nucleus a reddish violet, 
while the chromatin is a light blue and the nucleoli deep blue. In such 
cells the nucleoli appeared to be imbedded in the achromatic substance. 

These observations on the persistence of the nucleoli are correlated 
in a very satisfactory manner with the findings on the degree of per¬ 
sistence of reticular material and afiford additional evidence that the 
mature erythrocytes of fishes and birds are relatively more highly dififer- 
entiated than those of amphibians and reptiles. 

The degree of differentiation of erythrocytes of the several classes 
of vertebrates as determined by the criteria of persistent reticulation and 
presence of nucleoli also seems to correlate fairly well with the size of 
these cells. The Amphibia as a class have the largest erythrocytes 
(Fig. 21). Reptiles have blood cells next in size and fishes come next, 
then birds and mammals. It is diflicult, however, to conceive that cell 
size could directly infiuence the degree of persistent reticulation or the 
persistence of nucleoli. The presence of primary granules might pos¬ 
sibly be dependent to some extent on this factor, since the products of 
metabolism might be less readily eliminated from larger cells and tem¬ 
porary accumulations be segregated in the cytoplasm in the form of 
granules. 

Summary 

The reactions of the mature erythrocytes of seventeen species of 
fishes to the vital dyes neutral red, Janus green B, and brilliant cresyl 
blue, have been studied. In most teleosts the primary vital granules are 
readily demonstrated by neutral red and consist of one or two small 
granules eccentrically placed near one pole of the nucleus, but in the 
menhaden, alewife, and mackerel the primary granules are most nu¬ 
merous and are either arranged in a single definite line about the nucleus 
or scattered irregularly throughout the cytoplasm. In the elasmo- 
branchs the granules are large, numerous, and scattered. In a majority 
of the teleosts the primary granules may be demonstrated as basophilic 
bodies in dry films stained by Wright’s method and are also frequently 
seen in fresh unstained preparations. 

Secondary or induced granules may also appear in the cytoplasm of 
cells exposed for long periods to the dye. The degree of induction of 
new bodies does not appear to depend entirely on external factors but is 
determined to a large extent by factors inherent in the cytoplasm of the 
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given species. Tn general the mitochondria are filamentous, reduced in 
numher, and lie in close contact with the surface of the nucleus. 

The reticular substance in all mature erythrocytes of the fishes is 
greatly reduced and a])pears either as short irregular filaments or as 
minute granular remnants. It is l)est demonstrated with brilliant cresyl 
blue. 

An attempt is made to compare the relative degree of dififerentiation 
attained by the mature erythrocytes of the several classes of vertebrates. 
The following criteria have been considered: changes in nuclear-cyto- 
])lasmic ratio; chromatin distribution in the nucleus; involution of the 
nucleoli; loss oi basophilia; changes in the form, distribution, and vol¬ 
ume of mitochondrial substance; reduction of reticular substance; 
amount of primary granules; and degree of induction of secondary 
granules. Of these criteria the degree of persistence of reticulation 
has been found to l)e the most consistent, and on this basis the several 
classes of vertebrates are arranged in the following ascending order of 
relative differentiation attained by their erythrocytes at maturity; am¬ 
phibians, reptiles, fishes, birds, and mammals. This arrangement is also 
supported Iw the behavior of the nucleoli, which persist in the erythro- 
c}'tes of amphibians and rej^tiles but are not usually demonstrated in 
the mature cells of fishes and birds. 

The history of the primary and secondary granules is less regular 
and consequently less useful for measuring the relative differentiation 
attained by the cells of difi*erent classes of vertebrates. However, 
within a given class of vertebrates it is concluded that the presence of a 
large number of primary granules or the rapid induction of new granules 
in mature cells may be regarded as supplementary evidence of a lesser 
degree of dififerentiation. The presence of primary granules or the 
degree of induction of new granules, however, cannot always be cor¬ 
related with the degree of persistence of reticulation. 

It is also concluded on the basis of this survey of the vertebrate 
erythrocyte that primary granules, secondary granules, and patterns of 
reticulation as revealed by vital dyes, must be regarded as three separate 
entities which are not genetically related. 
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EXPLANATION OF PLATES 

All drawings are from dry preparations and were outlined at the same magni¬ 
fication by means of a camera Incida. The details were filled in free-hand from 
sketches of the fresh ceils. Erythrocytes stained with brilliant cresyl blue to 
demonstrate patterns of reticulation are shown with solid nuclei. All others, with 
the exception of Fig. 21, were stained either with neutral red and Janus green B 
or neutral red alone. The mitochondria are usually filamentous but some granular 
forms are present. Ordinarily the}' may be distinguished by their juxta-nuclear 
position. 

Plate I 

Explanation of Figures 

1. Erythrocytes of the toadfish showing, (a) induction of granules and reticu¬ 
lation; (b and c) primary granules and mitochondria; (d) primary granules and 
reticulation. 

2. Erythrocytes of the sea robin showing, (a and b) the primary granules and 
mitochondria; (c) induction of granules after twenty minutes; (d) reticulation. 

3. Erythrocytes of the sea bass showing, (a) primary granules and mito¬ 
chondria; (b) induction of granules after twenty minutes; (c) reticulation in a 
mature cell; {d} reticulation in an immature cell which possesses a nucleolus. 

4. Erythrocytes of the tautog showing, (a and b) primary granules and mito¬ 
chondria; (c) reticulation in an immature cell; {d) reticulation in a mature cell. 

5. Erythrocytes of the eel showing, (a and d) primary granules and mito¬ 
chondria; (b) induction of granules after twenty minutes; (tD reticulation in a 
mature cell. 

6. Erythrocytes of the cunner showing, (n and b) primary granules and mito¬ 
chondria; (r and d) reticulation in mature cells. 

7. Erythrocytes of the scup showing, (a and r) primary granules and mito¬ 
chondria; (b) reticulation in a mature cell; ((/) reticulation in an immature cell. 

8. Erythrocytes of the butterfish showing, (a) reticulation in a mature cell; 
(b) primary granules and mitochondria; (c and d) reticulation in immature cells. 

9. Erythrocytes of the sand dab showing, (a) primary granules and mito¬ 
chondria; (b) granules and reticulation; (c and d) induction of granules after 
twenty minutes. 

10. Erythrocytes of the menhaden showing, (a) perinuclear primary granules 
and mitochondria; {b) granules after twenty minutes; (r) reticulation in a mature 
cell; (d) reticulation in an immature cell. 

11. Erythrocytes of Cyprinodoii showing, (a and b) primary granules and 
granular mitochondria; (c and d) reticulation in mature cells. 

12. Erythrocytes of Fiiiididns inajalis showing, (a) induction of granules after 
twenty minutes; {b and c) primary granules and mitochondria; (d) reticulation in 
a mature cell. 

13. Erythrocytes of the mackerel showing, (a) reticulation in an immature 
cell; (b) perinuclear primary granules and mitochondria; (c) induction of gran¬ 
ules after twenty minutes; (d) retieulation in a mature eell. 

14. Erythroeytes of the alewife showing, (a) induction of granules after 
twenty minutes; (b) reticulation in a mature cell; (c) primary granules and 
mitochondria; (d) reticulation in an immature cell. 
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Plate II 

Explanation of Figures 

15. Erythrocytes of the smooth dogfish showing, (a) the primary granules 
and mitochondria; (b) reticulation in a mature cell; (r) reticulation in an imma¬ 
ture cell. 

16. An erythrocyte of Tritnrus viridcscois showing reticulation of a mature 
cell. Note the complete absence of granules. 

17. Erythrocytes of the spotted skate showing, (a, b, and c) primary granules 
and mitochondria; (d) reticulation in a mature cell. 

18. Erythrocytes of the domestic fowl showing, (a, c, and d) reticulation of 
mature cells: (b) primary granules and mitochondria. 

19. Erythrocytes of the fence lizard showing, (o) primary granules and mito¬ 
chondria; (b) induction of granules after twenty minutes; (c and d) reticulation 
and nucleoli in mature cells. 

20. Erythrocytes of the horned toad showing, (a) primary granule and mito¬ 
chondria; {b and r) reticulation and nucleoli in mature cells. 

21. An erythrocyte of Aiujdiiiima means from a smear stained by Wright’s 
method, showing the primary granules as clusters of basophilic bodies. 

22. Erythrocytes of the painted turtle showing, (n) the primary granules and 
mitochondria; (b and c) reticulation and nucleoli in mature cells. 
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